Background: Skin aging is accelerated by multiple extrinsic factors: ultraviolet radiation, smoking and pollution increase oxidative activity, damaging cellular and extracellular components such as DNA, proteins, and lipids. With age, collagen and hyaluronic acid levels decline, resulting in loss of elasticity and moisture of the skin. Over time this damage leads to characteristic signs that make the skin look older: altered facial contour, sagging skin, wrinkles, and an uneven complexion. This study evaluated the anti-aging effects of a new facial cream formulated with carnosine, Alteromonas ferment extract, crosspolymer hyaluronic acid, and a tripeptide.
Introduction
All body systems undergo age-related physiological changes, 1,2 but unlike internal organ systems, the changes in our skin are visible. The skin has the potential to project an image of health and vitality, and a discord between one's chronological age and apparent age is understandably undesirable. A 2015 survey by the American Society for Dermatologic Surgery reported that 72% of respondents were extremely bothered by skin texture and/ or discoloration, and 67%, by sagging skin. 3 With nonsurgical anti-aging alternatives gaining popularity 4 and global population aging predicted to continue over the next 40 years, 5 anti-aging solutions must be continually innovated to meet users' needs.
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The facial changes seen with aging involve multiple factors: skeletal changes and weakening and laxity of facial muscles 6 accompanied by redistribution and loss of subcutaneous fat and skin laxity leads to wrinkles, prominent lines, and sagging skin. 7 Changes in collagen play a key role in diminishing skin elasticity. Such changes involve reduced production, structural changes of disorganization, thickening, and fragmentation, and increased breakdown of collagen. 8 At a biochemical level, numerous intracellular and extracellular changes are at play: not only are there fewer fibroblasts, but they express more matrix metalloproteinase (responsible for collagen breakdown) and less of its inhibitors. 8, 9 Glycosaminoglycans such as hyaluronic acid decrease, leading to loss of skin turgor. 10 While intrinsic aging is genetically determined, photoaging is driven by the oxidative effects of ultraviolet radiation. 11 Other factors that are recognized to impact skin aging are smoking, and environmental pollutants such as ozone and fine particulate matter. 12, 13 Exposure to infrared rays has been shown to increase MMP1 levels, 9 and reactive oxygen species increase dramatically in response to UV radiation, in turn damaging cell DNA, RNA, proteins, and lipids. 11 Air pollution reduces the skin's antioxidant capacity, increases the generation of free radicals and reactive oxygen species, and via oxidative damage alters the function of lipids, DNA, proteins, and mitochondria. 12, 13 Advanced glycation end products (AGEs) are the result of nonenzymatic glycation reactions, with type I collagen and elastin being the most-affected proteins in intrinsic skin aging, and AGE production increases under conditions of oxidative stress. 14 In the skin, glycation of collagen leads to cross-linked, stiff collagen fibers, affecting its ability to react with other matrix proteins. 15 Nonsurgical options for facial contouring and sculpting, such as hyaluronic acid fillers and facial threading, 16 are among the most popular and novel cosmetic anti-aging options in recent years. Although they are deemed safe and effective, 17, 18 for many consumers, such techniques are still unacceptably invasive, and the option of a cosmetic cream is far more appealing and practical than a needle.
An innovative facial cream was developed, based on the effective ingredients carnosine, Alteromonas ferment extract, crosspolymer hyaluronic acid, and tetradecyl aminobutyroylvalylaminobutyric urea trifluoroacetate (a tripeptide). The anti-aging effects of carnosine, an endogenous dipeptide, have been extensively studied and are well-documented in the literature, 19 and include antioxidation, antiglycation, 20 and anti-crosslinking of proteins. 21 Alteromonas ferment extract, an exopolysaccharide obtained from marine microorganisms, is an innovative anti-pollution ingredient that chelates heavy metals 22 and reduces adherence of PM 2.5 (particulate matter up to 2.5 micrometers) to the skin. 23 Crosspolymer hyaluronic acid has demonstrated greater benefits over linear hyaluronic acid in reducing transepidermal water loss, retaining and redistributing water within the epidermis, maintaining skin integrity, and improving skin barrier structure and function. 24 It is also more resistant to breakdown by hyaluronidase than its linear counterpart. 25, 26 The manufacturers of the tripeptide tetradecyl aminobutyroylvalylaminobutyric urea trifluoroacetate report that in fibroblasts, it stimulates endogenous synthesis of hyaluron, proteoglycans, and collagen.
This article reports the results from a clinical study that tested the efficacy of this new anti-aging cosmetic facial cream for multiple skin parameters including facial contour, skin firmness, elasticity, hydration, and cutaneous imperfections.
Materials and methods

Clinical protocol
The study was performed by an independent clinical research organization in Lyon, France, from September 19 to November 15, 2016. Thirty-three healthy female subjects aged 45 to 65 years old were enrolled in this open-label, intra-individual study. The subjects were women with Fitzpatrick skin phototype I, II or III, who were following a daily skincare routine, and showed age-related skin alterations including fine wrinkles, slackened skin on the face, slight sagging of facial contour, imperfections on skin, and dry skin on forearms as determined by a Corneometer (Courage & Khazaka Electronic GmbH) reading of less than 50. The study excluded those who were pregnant, breastfeeding, or planning to get pregnant during the study, and subjects with cutaneous pathology in the studied zone. Other exclusion criteria were use of topical or systemic treatment in the weeks prior to the study that could interfere with cutaneous acceptability of the product, excessive exposure to sunlight/UV within the month prior to and during the study, and participation in another clinical trial during the study period or in the past 2 weeks involving the face. All subjects gave written informed consent. This study did not require approval from an ethics committee or competent authority because it was performed in France, involved a cosmetic product within the definition of article L. 5131-1 of the French Public Health Code, the product's safety had already been established under dermatological control, it was conducted in healthy volunteers, and involved low-risk methods. However, it was conducted according to the Declaration of Helsinki (1964) and its successive updates. When collecting data, the investigators followed the study protocol, current internal procedures, and Good Clinical Practice guidelines CPMP/ICH/135/95 (R2). 
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Redefining face contour All subjects were given a 50 mL sample of the investigational cosmetic product and instructed to apply it twice daily for 56 days to the face, neck, and one forearm. They were instructed to avoid excessive UV exposure, and not to modify their usual make-up and hygiene products, nor to use new products. Measurements of facial contour (cheek volume) and skin firmness, elasticity, hydration, and imperfections (definitions of texture and spots will follow) were taken at baseline and at visits at days 28 and 56 of the study. Subjects were asked not to apply any product of any sort on the morning of the measurements; showering with usual product was permitted. The areas assessed were the maxillary zone for elasticity, the cheek for firmness, and the forearm for hydration. The entire face was assessed for complexion. Prior to taking measurements, subjects spent 20 minutes in a temperature-and humidity-controlled environment. On day 28 and day 56 volunteers completed a questionnaire at home on the subjective efficacy and cosmetic attributes of the product. Adverse effects, if any, were reported.
Formulation
The investigational cosmetic product was a white oil in water emulsion cream containing 0.2% carnosine, 0.06% sodium hyaluronate, 0.02% Alteromonas ferment extract, and 0.0005% tetradecyl aminobutyroylvalylaminobutyric urea trifluoroacetate (a tripeptide).
Test methods
Face contour remodeling was measured using FaceScan (LMI Technologies GmbH, Berlin, Germany), a fringe projection system that compares 3D pictures and uses a color code to express changes in volume ( Figure 1 ). To ensure that the subjects' position was consistent throughout the study and did not interfere with the readings, the chair height, camera height, and headrest adjustment were recorded and reproduced at day 0, 28, and 56 measurements ( Figure 2 ). The device's analysis software ensures the 3D images are repositioned in an identical way for comparison.
Skin firmness was assessed using Dynaskin (EOTECH SA, Marcoussis, France), an add-on to the DermaTOP system. The device deforms the skin by blowing out air, and a 3D sensor captures the shape of the skin surface before, during, and after deformation. The software computes the difference to provide information on deformation of the skin and underlying tissues. Volume (mm 3 ), surface (mm 2 ), and maximum depth (mm) are measured. A decrease in any of these parameters indicates a firming effect.
Skin elasticity was measured using Cutometer (Courage & Khazaka Electronic GmbH, Cologne, Germany). This uses a vacuum to suck the skin into a measurement probe. The depth to which the skin penetrates the probe is used to produce a skin deformation curve ( Figure 3 ). Each measurement is an average of two acquisitions, and three consecutive cycles were performed. From this curve, we can determine the cutaneous elasticity (termed R2) and viscoelasticity (termed R6). R2 is represented by the ratio Ua/Uf, where Ua is the total recovery to initial state (the degree to which the skin 
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Garre et al gets back to its initial state after suction and relaxation, total time 3 seconds) and Uf is the final distension (how deep into the probe the skin is at the end of suction). An increase in R2 indicates more elastic skin. R6 can also be quantified, from the ratio of delayed distension (Uv)/immediate extensibility (Ue). An increase in R6 indicates a greater level of skin viscoelasticity and hydration in the deeper layers of the skin.
Hydration was assessed on the forearm, using Corneometer, a capacitance measuring device that measures the humidity level of the most external cutaneous layers of the stratum corneum and records changes directly onto a computer. Prior to all measurements, subjects stayed in a temperature-and humidity-controlled environment (between 21°C and 25°C and between 35% and 55% relative humidity) for a minimum of 15 minutes to reduce variation in readings due to environmental effects.
The VISIA system (Canfield Scientific, Inc, Parsippany, NJ, USA) was used to evaluate skin complexion. The device takes rapid capture photos with different types of illumination which are overlaid to assess changes. The device has a chin rest and forehead rest which ensure the subject's position is stable (Figure 4) . The data processing screen directly controls repositioning using overlay visualization of the images at each time of acquisition. In this study, we looked specifically at two aspects of complexion: texture and spots. Texture represents the smoothness of the skin: the device identifies color gradations from the surrounding skin tone, and shows peaks and valleys on the skin surface (in yellow and blue) that indicate variation in surface texture. Spots are brown or red lesions of varying size including freckles, acne scars, hyperpigmentation, and vascular lesions. They have a distinct color and contrast from the background skin tone. 28 
Data analysis
Data were analyzed with Student's paired t-test (2-tailed). A P-value <0.05 was considered statistically significant. 
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Statistical analysis was performed using EXCEL (version 2016). Changes and percentage change of the different parameters were calculated using the following formula: ∆= (TZti -TZt0); ∆% = ((TZti -TZt0)x 100) / TZt0, where TZ = value obtained on treated zone, t0 = before product application, and ti = at each measurement time after application. Unless otherwise indicated, values are expressed as mean ± SEM.
Results
The study included 33 healthy female subjects with a mean age of 56 years (range, 45-65 years). Table 1 shows their baseline characteristics. All subjects completed the study to day 56, and there was no major protocol non-adherence. There was some minor protocol non-adherence, in six subjects, of applying the product only once a day (20 incidences in total). These non-adherences did not invalidate the data obtained from these subjects, and the results were analyzed on an intention-to-treat basis. Cheek sagging decreased significantly (P<0.001) at day 56 with an average decrease of 7% (range -24% to +18%), indicative of a remodeling effect ( Figure 5) . A reduction was seen in 82% of subjects at day 56. Table 2 contains data on volume measurements at days 28 and 56.
Skin deformation on Dynaskin measurement showed a significant decrease in volume, surface, and depth of skin deformations, both at day 28 and day 56 (Table 3) . Average deformation volume decreased by 34% and 29% (P<0.001), average deformation surface decreased by 3% and 5% (P=0.028), and maximum deformation depth decreased by 34% and 29% (P<0.001), respectively, at days 28 and 56. A decrease in deformation is representative of increased firmness ( Figure 6 ).
At day 56, skin elasticity was significantly improved, as shown by a mean 20% (P<0.001) increase in R2 (Ua/Uf) and 12% increase in R6 (Uv/Ue) (P=0.028). These results are indicative of increased viscoelasticity and better hydration of the deeper layers of the skin (Figure 7) .
The cutaneous hydration level of the superficial epidermis increased by 15% at day 28 and 12% at day 56, compared with the baseline state (P<0.001 for both), indicative of a moisturizing effect (Figure 8 ). Table 4 shows the data on cutaneous hydration at days 0, 28, and 56.
Assessment of skin complexion on VISIA showed that skin texture improved, becoming smoother at day 56 as shown by a reduction in skin texture count of 12% (P<0.001). Spots (brown or red skin lesions, including freckles, hyperpigmentation, and vascular lesions) were reduced by 6% (P=0.010) at day 56. Table 5 contains the data on texture and spots count.
In the subjective assessment, subjects were asked their opinion on the cosmetic qualities of the product. The majority rated the application, fragrance, and texture as pleasant or very pleasant (94%, 81%, and 100%, respectively) and stated that the cream was absorbed quickly (85%) and was non-greasy (91%).
The product efficacy surveys completed by the subjects at day 28 and day 56 showed that the majority viewed their skin 
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Garre et al as visibly tightened, firmer, more moisturized, more elastic and denser, and more flexible. The questions and responses (percentage of subjects in agreement) from the efficacy questionnaire are presented in Table 6 . The majority of subjects (88%) were satisfied with the product, and none reported an unpleasant or uncomfortable sensation. No adverse effects or serious adverse events were reported.
Discussion
In this clinical study, we set out to assess, using objective accepted methodology and instruments, the anti-aging effects of a finished investigational product formulated with ingredients that had been individually reported to affect skin aging. The results were very encouraging. We wanted to establish whether such a product could induce a significant change after daily use for 8 weeks in a group of women older than 45 years. This age group was chosen because of the notable skin changes reported in perimenopausal women, particularly sagging skin, dry skin, and complexion changes. 29, 30 Such changes are attributed in large part to a drop in estrogen levels at menopause, which in turn leads to reduced production and repair of collagen and elastin in the dermal connective tissue. 31 The skin is also more susceptible to oxidative damage. 32 Such changes result in 
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Redefining face contour noticeable effects in the skin such as reduced elasticity, lack of firmness, fine and coarse wrinkling, and dryness. 33 Since estrogen is also known to be involved in regulating melanin levels, in menopausal women, a lack of regulatory estrogen is thought to be responsible for increased melanin synthesis, leading to uneven skin tone. 34 One of the strengths of the study is the quantitative, state of the art methodology used. The methods and equipment used in this study were selected for their robustness. In a 2001 study on the technical validation of interference fringe projection systems, the authors concluded that the technique was accurate, reliable, and repeatable. 35 FaceScan, which we used to determine facial contour, is such a system.
For skin firmness measurement, we used Dynaskin, a fast optical in vivo topometry method. This method has previously been described as an "accepted classical method" of assessing efficacy in vivo. 36 Similarly, in a study in 2000, the author concluded that the Cutometer was suitable for 
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Garre et al objectively evaluating the effects of dermatological and cosmetic products on skin mechanics and hydration. 37 In this study, the forearm was used for hydration measurements. It has previously been demonstrated that for the measurement of skin hydration and biomechanical properties, the forearm is representative of the face, and therefore appropriate for efficacy studies of facial cosmetic products. 38 The VISIA system, which we used to assess complexion, has been used in multiple other studies on skin aging and cosmetic treatments. [39] [40] [41] This study ran from September to November, with the expected seasonal weather changes of a drop in temperature. Usually, such change would lead to skin dryness, but in fact we observed significant increases in the cutaneous hydration rates with the product after 1 and 2 months of use, which we think attests to the product's efficacy.
The study could have been strengthened by using a larger sample size and a placebo comparison group. It is possible that more pronounced anti-aging effects might have been seen if the study duration had been longer. The most striking result was the decrease in jawline sag. To better evaluate whether this result was meaningful to the subjects, we could have included in the questionnaire a specific question on this part of the face, to correlate objective and subjective results. We did not include objective assessment of rhytids in this study. While the subjective questionnaire results for this parameter were positive, the study could have benefited from an objective measurement, and this could be a focus for future studies.
In the existing literature, there is a growing body of evidence regarding the effects of the component ingredients of this cream, ranging from the "tried and tested" carnosine, to the more recently described Alteromonas ferment extract. Our results on this finished product lend clinical support to the evidence on the individual ingredients. 
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One study in a human explant model demonstrated that crosspolymer hyaluronic acid had greater benefits over linear hyaluronic acid in reducing transepidermal water loss, retaining and redistributing water within the epidermis, maintaining skin integrity, and improving skin barrier structure and function. 24 In our study, we found that subjects' skin was more hydrated and firmer after use of the investigational product, which contained crosspolymer hyaluronic acid.
Alteromonas ferment extract is an exopolysaccharide produced by an extremophile that lives in deep-sea hydrothermal vents; it has been found to exert anti-pollution effects. A recent paper 23 looked at the multiple effects of this substance, and the authors reported many promising features: in in vitro keratinocyte models they showed that it protected against UV-induced lipid peroxidation, this was confirmed in explant models where it reduced MDA levels (MDA is the end product of lipid peroxidation). In vitro it was shown to strongly chelate cadmium and lead. In vivo they showed that it created a protective film on the skin that limited fine particle adhesion and improved barrier function. 23 Heavy metal exposure and particle adhesion are associated with increased oxidative stress in the skin and pigmentation changes. 12, 13 Our findings of improved complexion and increased skin elasticity, hydration, and firmness and reduced sagging provide clinical evidence on the effects of the final product which incorporates this promising biomimetic ingredient.
Information provided by the manufacturer of the tripeptide ingredient tetradecyl aminobutyroylvalylaminobutyric urea trifluoroacetate states that it increases dermal hyaluron synthesis and proteoglycan, decorin, and lumican expression in dermal fibroblasts in vitro. In a clinical study from 2010 on an emulsion containing this ingredient, published in a cosmetics magazine, the reported results were reduced facial volume and sagging. 42 The reduction in sagging jawline, remodeling effect, and increased skin firmness observed in the present study is in agreement with the effects reported in 2010.
Carnosine is a dipeptide with numerous functions, which include regulating enzyme activity and inhibiting oxidative reactions. 19 The antioxidant mechanisms of carnosine include its ability to inactivate reactive oxygen species, scavenge free radicals, and chelate pro-oxidative metals. 19, 20 It also has been shown to stimulate collagen and prevent its crosslinking via anti-glycation. 43 In our study, the increased skin firmness and reduction in sagging jawline observed add further evidence on the beneficial effects of this anti-aging ingredient.
Overall, the results from this study confirmed the anticipated anti-aging effects of this product on elasticity, hydration, complexion, and most notably, facial contour, after 8 weeks of use. As the global population ages, and consumer demand for a youthful appearance continues to increase, dermatological interventions of varying levels of invasiveness remain in high demand. A cosmetic product that produces clinically objective effects on the most-reported signs of aging is an attractive option for those unable to avoid extrinsic aging factors but wishing to improve their appearance without resorting to more invasive measures.
Conclusion
This novel cosmetic facial cream containing carnosine, Alteromonas ferment extract, sodium hyaluronate crosspolymer, and a tripeptide was shown to be safe and effective in its anti-aging effects on skin. Of particular interest was the redefining effect on facial contour which can be seen as a remodeling effect and improved complexion. Subject satisfaction on efficacy reflected these encouraging results, and the product was well tolerated. This product offers consumers an entirely non-invasive, safe and effective approach to counteract skin aging.
